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(54)'nae: NfETHODS AND COMPOSITIONS FOR FULL-LENGTH cDNA CLONING 
(57) Abstract 

The present invention pertains to methods for the synthesis' and cloning of fiilMength cDNA. or cDNA J'^^'^'^l^^^^^^^^ 
to he compleTSquence of 5'^nds of mRNA molecules. TTic method of the present mvention comprises contacting I^NA ^^^^^^ 
sinlhesi^ Jrimer which can anneal to RNA, a suitable enzyme which possesses reverse transcriptase acuvity, and « ^mplatc swuchi^^ 
rgSSuTder c^^^ sufficient to pem.it tf« template-dependent extension of the primer to generate an -"J^^A^DNA l^ybn^ 
Sft^S Sin^^^^^ hybridizes to the CAP site at the 5'^d of the RNA molecule and serves as a short, extended 

S^plSoTc^S^ extension of the 3'^nd of the ss cDNA that is complementary to template ^-'^^J^^S ^^^^^^^ 
Sing full-length rcDNA includes the complete 5'-end of the RNA molecule as well as the «<l"*nf^ «>"lPl^^^^ 1 ^Sion 
^wtlVS^^^^^^^ which can then seive'as a tmiversal priming site in subsequent amphficauon ofje ^^A' m s^^^^^ 
also pertains to the template switching oUgonucleotides that can be used according to the subject method. Kits contammg the template 
switching oligonucleotide are also included within the scope of the present invention. 
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> DESCRIPTION 



METHODS AND COMPOSTTIONS FOR FULL-LENG TH cDNA CLONING 

5 Cross referenced to a related application 

This application is a continuation-in-part of co-pending U.S. application Serial No. 
08/582^62, fflcd January 3, 1996. 

Reld of the Invention 

10 The present invention relates to improved technology for selectively synthesizing full- 

length cDNA having complete sequence information of full-length mRNA. 

Background of the Invention 
A basic technology in the field of molecular biology is the conversion of poly(A)+RNA 

15 (mRNA) to double-stranded (ds) complementaiy DNA (cDN A), which then can be inserted into 
a cloning vector for generating a cDNA library or expression in an appropriate host celL Advances 
in cDNA library construction technology have made possible the discovery and production of a 
wide range of biologically important proteins. 

Several procedures for generating cDNA libraries which have been used during the last 

20 15 years are comprehensively reviewed in Wu, ed, Meihads in Eraymology (1987), voL 151 For 
the most part, cDNA library construction technologies use poty(A)+RNA as a starting material. 
The intaa poly(A)+RNA is characterized by a polyadenylated "tafl" at its 3' end and a 
characteristic ''CAP struaure or cap site*' at the 5' end. A critical requirement for cDNA library 
construction is to completely copy poly(A)+RNA to fuU-length cDNA and retain the complete 

25 sequence information on the structure of the protein encoded by mRNA 

" One generalized and commonly used method by which the poly(A)+RNA is copied into 
cDNA employs reverse transcriptase, which starts at the 3' end of the mRNA from an oligo d(T) 
primer and proceeds towards the 5' end to generate a cDNAmRNA hybrid (Gubler ei oL, 1983), 
The RNA strand is then removed from the hybrid by action of RNase H and a second DNA 

30 strand is then synthesized using DNA polymerase L The resulting heterogeneous mixture of ds 

cDNA molecules can then be cloned into suitable recombinant DNA vector molecules using a 
variety of techniques. Unfortunately, for the majority of mRNAs, this method does not allow for 
the synthesis of •'full-length'* cDNA because revene transcriptase can not efficiently copy them 
into fiiU-length cDNAs. The efficiency of copying is inversely proportional to the length of 

35 mRNA; thus, the problem of "fulUength" cDNA synthesis is more acute for longer mRNAs. 

Moreover, the current technology can generate deletions at the 5' and 3' ends of the cDNA 
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In an alternative approach, poly(A) tails of mRNA molecules are first annealed to oligo 
(dT) linking with linearized vector DNA (veaor primer)(Okayama et aL, 1982; Pruitt, 
International Patent, AppL No. 89110816,9). Then, the first strand of cDNA synthesized by 
reverse transcriptase is tailed at the 3' end by oligo dt which facilitates subsequent cloning by 
circularization into vector primer. This method also generates greater numbers of cDNA clones 
thai contain truncated cDNAs due to non-full-length cDNA synthesis. 

As a result of the shoncomings using present technologies to generate conventional 
cDNA libraries, the majority of the cDNA clones lack sequences close to the 5' end of the 
mRNAs, This results in a loss of important information required to make functional proteins. 
Two selection procedures have been developed in efforts to enrich cDN A libraries for "full-length* 
cDNA clones. In CAP retention procedure (CAPmre) cap-binding protein (eukaryotic initiation 
factor 4E) in combination with RNase A was used to purify full-length cDNA:mRNA hybrids 
(Edeiy et al, 1995; Soncnberg er ail, US. Patent No, 5,219,989). Shorter duplexes corresponding 
to non-full-length cDNA fragments are not seleaed, since the CAP structure of mRNA is 
removed from the RNA moiety by nuclease ueatment Although the CAPture method could 
potentially enrich cDNA libraries for clones containing the authentic 5' ends, the yield of fuD- 
length cDNA is veiy low, espedaUy for long cDNAs (1-5%), The low yield is a significant 
disadvantage for this technology. 

In the "oligo-capping" method, the CAP structure of mRNA is selectivety replaced with 
an oligoribonucleotide, thus generating chimeric oligonucleotide/fuU-length mRNA intermediates 
which are subsequently used for synthesis of full-length cDNAs (Maruyama etiiL, 1994; Fromomt- 
Racine et oL, 1993; Kato et oL, International Patent, PubL No. 0 625 572 Al, Appl. No. 
939210613). However, this method is complicated, invohong treatment of mRNA with an alkaline 
phosphatase, decapping mRNA with tobacco add pyrophosphatase, and ligation of the 
oligonucleotide to the 5' end of mRNA by T4 RNA Ugase, These multiple enqmatic steps 
degrade mRNA, thereby generating incomplete cDNA fragments for subsequent cloning 
procedures* Size distribution of cDNA inserts in cDNA libraries generated using the **oligo. 
capping" method is typically less tiian 3 kb. This is much less than full-length mRNA size 
distribution (Kato et at, 1994) and indicates the low efiBdency of **full-length'* cDNA cloning by 
"oligo-capping" technology. 

As can be understood from the foregoing, conventional methods for constructing cDNA 
libraries containing full-length cDNA dones are restriaed by low efBclency and the use of 
multiple, time-consuming steps. Accordingly, a simple method that would generate high quality, 
full-length cDNA from RNA is highly desirable. 
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Brief Summary nf the Invention 
The present invenUon provides an advantageous method for synthesis and cloning of fuU- 
length cDNA, or cDNA fragments, that corresponds to the complete sequence of 5'^nds of 
mRNA molecules. The method of the present invenUon comprises contacting RNA with a cDNA 
synthesis primer which can anneal to RNA a suitable enzyme which possesses reverse 
transcriptase activity, and a template switching oligonucleotide under conditions sufBcieat to 
permit the templaiewiependent extension of the primer to generate an mRNA-cDNA hybrid. Hie 
template switching oligonucleotide hybridizes to the CAP site at the 5'-end of the RNAmolecule 
and serves as a short, extended template for CAP-dependent extension of the 3'-end of the ss 
cDNA that is complementary to the template switching oUgonudeotide. The resulting fiiU-length 
ss cDNA includes the complete 5*<nd of the RNA molecule as well as the sequence 
complementary to the template switching oUgonudeotide, whidi can then serve as a universal 
priming site in subsequent amplification of the cDNA 

The subjert invention also concerns novel template switching oUgonudeoUdes that can 
be used according to the subject method. Kits containing the template switdiing oUgonudeotide 
are also induded within the scope of the present invention. 

Brief Description of tb e Drawings 
Figure 1 shows a representation of a medumism of template switching technology 

according to the subject inventiotL 

Figure 2 shows a representation of a procedure using the methods and materials of the 
present invention for doning 5'-end sequence of fuU-lengUi DNA. 

Figor* 3 shows a representation of PCR-based methods and materials of the present 
invention for fuU-length cDNA Ubrary construction according to die subjea invention. 

Figure 4 shows a representttion of CAPswitdi full-lengUi cDNA Ubrary construction 
technology based on PRE adaptor-primer strategy. 

Detailed Disclosure of the Invention 
The subject invention concerns compositions and methods for constructing cDNA 
Ubraries from nanogram quantities of total or poly A+ RNA Ihc compositions and metiiods 
employ template switdting oUgonudeotidcs described herein. The meUiod of tiie present 
invention comprises contacting RNA with a primer which can anneal to RNA, a reverse 
transcriptase, and a template switching oUgonudeotide under conditions suffident to permit die 
template-dependent extension of the annealed primer to generate an niRNA-cDNA hybrid. The 
template switching oUgonudeotide can hybridize to tiie CAP site at Uie 5'-end of Uie RNA 
molecule and serve as a short, extended template for CAP-d pendent extension of Uie 3'.end of 
Uic ss cDNA Uiat is complementary to tiie template switching oUgonudeotide. The resulting full- 
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length ss cDNA includes the complete 5'-end of the RNA molecule, as weU as the sequence 
complementary to the template switching oUgonucleotide. The template switching complementaiy 
sequence can then serve as a unwersal priming site in subsequent amplification of the cDNA. 

Specifically, the subjea invention provides a method for synthesis of full-length single- 
stranded (ss) cDNA, or ss cDNA fragments, from RNA. The cDNA synthesized in the present 
method has an arbitrary anchor sequence at the 3' end, foUowed by a nucleotide sequence 
complementary to the RNA molecule starting from the cap site of the mRNA In a preferred 
embodiihent, the process of the subject invention comprises the following steps: 

1. Incubating a sample of poly(A)+RNA or total RNA in the presence of a cDNA 
synthesis primer (CDS primer) which can anneal to mRNA and an enzyme which 
possesses rcvene transcriptase activity under conditions sufficient to permit the 
template-dependent extension of the primer to generate an mRNA-cDN A hybrid; 
and 

2. incubating the first-strand cDNA synthesis mixture obtained from step 1 with a 
template switching oligonucleotide of the present invention (also referred to 
herein as a "CAPswitch oligonucleotide*), which can provide CAP-dependcnt 
extension of fuU-length cDNA by reverse transcriptase using the template 
switching oligonucleotide as a template, and thereby adding nucleotide sequence 
complementary to the template switching oligonucleotide to the 3'-end of full- 
length | cDNA (referred to herein or "anchored cDNA:mRNA hybrid'). The 
template switching oligonucleotide has a pre-seleaed arbitrary nucleotide 
sequence at its 5'-end and at least one riboguanine residue at its S'-end. 

Steps 1 and 2 of the method are separated only in time. In a preferred embodiment, step 1 is 
followed by step 2. However, it would be understood that the first-sirand cDNAsynthesis mixture 
from step 1 can include a template switching oUgonucleotide which will be used at step 2. 
Alternatively, a template switching oUgonucleotide can be added to the reaction mixture at the 
time of or after first-strand cDNA synthesis. In a preferred embodiment, the cDNA synthesis 
primer is a modified oUgo(dT) primer. 

The scope of the present invention also includes a method for isolating a foU-length 
cDNA fragment corresponding, to a 5'-cnd of target mRNA(s) using anchored cDNAimRNA 
hybrid generated at step 2 as a template. Hiis method comprises the embodiment of steps 1 and 
2, foUowed by either alternative step 3A or step 3B, described below: 

3A Incubating an anchored cDNAimRNA hybrid generated at step 2 with a 
combination of (a) an oUgonucleotide primer corresponding partially or 
completely to the nucleotide sequence of the template switching oUgonucleotide, 
(b) oUgonucleotide primer(s) which is complementary to a nucleotide sequence 
of the target(s) mRNA, and (c) an effective amount of other reagents necessary 
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to perfonn polymerase chain reaction (PCR). The incubation is conducted under 
conditions sufficient to perform PCR and thereby generate amplification product 
conesponding to the 5'-end full-length fragment of target cDNA. 
3B. Treating anchored cDNAnnRNA hybrid of step 2 under conditions in which a 
second cDNA strand is synthesized, using the first anchored cDNA strand as a 
template. 

Also within the scope of the present invention is a method for goierating cDNA Ubraries 
containing fuU-Iength cDNAs. This method uses as a template anchored cDNAanRNA hybrid 
generated at step 1 This method comprises the embodiment of steps 1 and 2, followed by either 
alternative step 3C or step 3D, described below: 

3C Incubating anchored cDNAimRNA hybrid generated at step 2 with a 
combination of primers conesponding partially or completely to the sequence of 
template switching oligonucleottde and cDNA qmthesis primer, respectively, and 
an effective amount of other reagents necessary to perform PCR. The incubation 
is conducted under conditions sufficient to perform PCR to generate 
amplification product corresponding to the represenuUve Ubrary of fuU-length 
ds cDNA. 

3D. Treating anchored cDNA:niRNA hybrid of step 2 under conditions in which a 
second cDNA strand is synthesized, using the first anchored cDNA strand as a 
template. 

In one aspect of the present invention, the resulting cDNA produn generated at step 2 or 3 can 
be inserted into recombinant cloning vehicles, and hosts can be transformed with these vehicles 
according to conventional methods well known in art (Kimmel et aL, 1987). 

The subject invention enables synthesis of fuU-lengih cDNA, which has been difficult to 
qmthesize by conventional methods. The present invention includes the novel step 2 described 
above, which can be utilized in standard cDNA preparation/doning procedures which are weU 
known in the art TTie use of template switching oUgonucleotides in tiie subjert method 
advantagously allows for negative selection against cDNAs that are not complementary wiUi tiie 
y-end of template RNA, whereas full-length cDNAs can be readily selected. Moreover, tiie 
subject meUiods can significantly simplify cDNA syntiiesis and cloning. Since tiie cDNA dones 
obtained from tije fuU-lengtii cDNA fibraiy prepared according to tiie present metiiod contain tiie 
complete information for tiie primary structure of ti»e protein, tiie invention also relates to a 
process for using tiie clones, obtained from said fuU-lengtii cDNA Ubrary to produce tiie encoded 
proteins. 

In anotiier aspect, tiie invention provides metiiods where the resulting cDNA product 
generated at step 3 can be used as a starting material for use witii cDNA subtraction metiiods. 
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SpedficaJly, the method of the subject invention can he used in conjunction with cDNA 
subtraction procdures lo prepare a cDNA population conuining highly enriched represcnution 
of cDNA spedes thai are present in ne DNA population (the tester population), but that are 
less abundant or absent in another DNA population (the driver population). Preferably, tester 

5 and driver ds cDNA amplified by methods and materials of the present invention is used in 

combination with Suppression Sabtractive Hybridization technology described by Chenchik et al. 
(US Patent No. 5^65^). Other methods of subiractive hybridization, described for example, by 
Wigler et ai (U.S. Patent No, 5,436,142); Hampson et aL (NucL Adds Res. 20:2899 (1992)); Yang 
et al. (Anal. Biochem. 237:109-114(1996)); Balzer'er al. (Nud. Adds Res. 22:2853-2854(1994)), 

10 and others, can also be employed. 

The ds cDNA prepared according to the present invention can also be used as a 
hybridization probe. As used herein, the term 'hybridization probe" means that cDNA generated 
from total RNA isolated from healthy, diseased or infected organisms, or as subtracted as 
described by Chenchik aL (US Patent No, 5,565^40), may be labeled by radioisotopes, 

15 fluorescent and other reporter groups by conventional chemical or enzymatic labeling procedures. 

Labeled cDNA can then be used in standard hybridization assays known in the art, te., the labeled 
cDN A is contacted with the defined oligonudeotide/polynucleotides corresponding to a particular 
set of the genes immobilized on a solid surfiace for a suffident time to permit the formation of 
patterns of hybridization on the sur&ces caused by hybridization between certain polynucleotide 

20 sequences in the hybridization probe with the certain immobilized defined 

oUgonudeotidc/polynudeotides. The hybridization patterns using available conventional 
techniques, such as scintillation ootmting, autoradiography, fluorescence measurement, calorimetric 
measurement, or light emission measurement. Techniques and conditions for labeling, 
hybridization and detection are well known in the art (see, e.g., Maniatis et al,, 1989; Keller et al., 

25 1993). 

Labeled cDNA can also be used for identifying genes which arie differentially expressed 
in two different pre-determined slates of an organism (see, e.g:, Maniatis et al., 1989; International 
Patent WO 95/21944). 

The ss cDNA generated after the first-strand cDNA synthesis-template switching 
30 procedure (step 2) or the ds cDNA generated after 5'-RACE amplification step (step 3) can be 

used as a hybridization probe for selectively recovering a desired complementary target nucleic 
add molecule from a mixture or library of ss or ds nucleic add containing said molecule. The 
method wherein the hybridization probe is haptenylated and used for obtaining an enriched source 
of target nudeic add molecule based on hybridization approadi as described in details in U,S. 
35 Patent No. 5,484,702 of January 16, 19% and U.S. Patent No. 5,500^56 of March 19, 1996 or 

RccA protein-mediated hybridization as described in details in U,S. Patent No. 4,888^74 of 
December 19,1989. 
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Also within the scope of the present invention are template switching or "CAPswitch" 
oUgonudeotides useful for the preparation of cDNA Ubiaries containing fuU-length cDNA clones. 
Hie CAPswitch oligonudeoUdes have at least two functions. One function is the ability to 
sclecUvely interact with fuU-length intermediates of reverse iranscriptase-mRNA-cDNA which are 

5 generatedatthcS'endoffulUengthmRNAafterfirst-strandcDNAsynthesis. A second function 
of the CAPswitch oUgonudeotides of the subject invention is as an efBdent template for reverse 
transcriptase from the above-mentioned full-length intermediates which can aUow 5' mRNA end 
(in most cases CAP-dependent) extension of fuU-length cDNA by reverse transcriptase using 
CAPswitch oUgonudeotide as a template. A sequence complementary to CAPswitch 

10 oligonucleotide can Uiereby be added to tiie 3'-end of full-lengUi cDNA. 

Also wifliin the scope of Uie present invention are modifications in the structure or 
sequence of CAPswitch oUgonudeotide whidi can provide an advantage for selective binding to 
the CAP structure of mRNA. One modification, for example, can indude covalcntiy binding 
CAPswitch oUgonudeotides witii a protein capable of binding the CAP structure of mRNA (see 

15 U.S. Patent No. 5.219^). 

The invention particularly concerns the embodiments of the above metiiods wherein tiie 
CAPswitch oUgonudeotide is represented by the following formula: 

S'-dNj-dNj-.-dNm-rNi-rNj—rNn-S' 
wherein dN represents a deoxyribonucleotide selected from aiiiong dAMP, dCMP, dOMP and 
dTMP; m represents an integer equal to or greater tiian zero, preferably from 10 to 50; rN 
represents a ribonucleotide sdected from among AMP, CMP, GMP and UMP, preferably GMP; 
and n represents an integer of at least one or greater, preferably from 3 to 7. Some obvious and 
■ weU known in tiie art modifications in the strutture of tiie CAP switdi oUgonudeotide, sudi as 
replacement of 1-10 nudeotides wifli random nudeotides, nucleotide analogs, or nudeotides 
25 labeled witii different hapten groups (such as, for example, biotin, digorigenin. and fluorescein), 

incorporation of a terminator nudeotide (such as, for example, 3'.amino NMP, 3'-phosphate 
NMP. and 3'-fluoio NMP), using partiaUy double^tranded DNA containing extension of a single- 
strandedCAPswitdioUgonudeotide8equence5'-dNi-dN2-...dNm.rN,-rN2...rNn-3',incorporation 

of restriction sites, and incorporation of promoter sequences for bacteriophage RNA polymerase, 
30 which simpUfy subsequent purification and doning of tiie cDNA but whidi still retain subtantially 

tiie same functional activity as an unmodified CAPswitch oUgonudeotide, te., mRNA 5'-end 

extension of fuU-lengUi cDNA by reverse transcriptase using CAPswitch oUgonudeotide as a 

template are witiiin the scope of present invention. 

Also induded wiUiin tiie subject invention are cDNA Ubrary construction kits, for 
35 example, Ubrary construction kits which indude Uic novel oUgonudeotides according to the 

subject invention for use with PCR procedures. 



20 
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The subjea invention also concerns novel template switching oligonucleotides that can 
be used according to the subject method. 

Also included within the scope of the present invention are kits that include in one or 
more containers template switching oligonucleotides of the invention. 

CAPswitch technology. The methods and materials of the present invention is primarily 
based on the use of unique CAPswitch oligonucleotides in cDNA synthesis. The subject cDNA 
synthesis can include a step of first-strand cDNA from polyA'*'RNA using reverse transcriptase 
coupled with either second-strand cDNA synthesis or PGR amplification in a second step to 
generate a high yield of full-length ds cDNA When included in the first-strand cDNA synthesis 
reaction mixture, the CAPswitch oligonucleotides create a short extended template. In the course 
of first strand cDNA synthesis, the reverse transcriptase eitzyme stops at the 5' end of the mRNA 
template. The 5*-end typically includes a 7-meihylguanosine CAP structure present on the 5' ends 
of all eukaiyotic mRNAs. The enzyme terminal transferase activity then adds a few additional 
nucleotides, primarily deoiqrcytidine, to the 3'-end of the of the newly synthsized cDNA strand. 
The CAPswitch oligonucleotide, which has an oligo (rG) sequence at its 3' end, base pairs with 
the deo3tycytidine-rich suetch of nucleotides present on the cDNA strand, aeating an extended 
template. Reverse transcriptase then switches templates and continues synthesis of cDNA that 
is complementary to the CAPswitch oligonucleotide. The resulting full-length ss cDNA 
incorporates at its 3' end a sequence which is complemenury to both the complete 5' end of the 
mRNA and the CAPswitch oligonucleotide sequence. 

Identified herein is an oligonucleotide structure (CAPswitch oUgonudeotide) which can 
provide for an efficient template switching reaction in the course of first-strand cDNA synthesis 
from poly(A)+RNA using, as a donor, 5'-capped full-length mRNA and, as the acceptor, a 
chemically synthesized oligonucleotide. Chimeric cDNA products having an oUgonudeotide 
sequence at the 3'-end of full-length cDNA were revealed by subsequent amplification (e.g., 5'- 
RACE) using a combination of a gene-spedfic primer and a primer complementaiy to a portion 
of the template switching oUgonudeotide. One set of oUgonucleotides according to the present 
invention, having an arbitrary sequence at the 5' end and random sequence at the 3' end, are 
represented by the following polynucleotide sequences: 

CzRl 5'-d(TGTAGCGTGAAGACGACAGAA)r(N)i2- 3' (SEQ ID NO. 1) 

CzR2 5'-d(TGTAGCGTGAAGACGACAGAA(N)ii)r(N)i- 3' (SEQ ID NO. 2) 

CzR3 5'-dCrGTAGCGTGAAGACGACAGAA(N)ii)- 3' (SEQ ID NO. 3) 

CzR4 5'.d(TGTAGCGTGAAGACGACAGAAGGATG(N)9)r(N)i- 3' (SEQ ID NO. 4) 
Na21-N4 5'.d(TGTAGCGTGAAGACGACAGAA)r(N)4- 3' (SEQ ED NO. 5) 

Na21-N8 5'-d(TGTAGCGTGAAGACGACAGAA)r(N)8. 3' (SEQ ID NO. 6) 
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NA21-N12 5'-d(TGTAGCGTGAAGACGACAGAA)r(N)i6- 3' (SEQ ID NO. 7) 

wherein d( ) represents a deacyribonucleotide sequence; (N)^ ^ (N)9 'epresenl. respectively, a 
random deoxyribonudeotide sequence 11 or 9 bases long of dAMP, dOMP. dCMP and dlTP in 

5 each base position; r(N)i.i6 represents a random sequence 1 to 16 bases long of AMP. GMP. 
CMP and UMP in each base position. 

Based on the efficiency of amplification of 5'-cnds (5'-RACE) of four human cDNAs 
(smooth muscle a-actin, smooth muscle y-actin, cytoskeletal y-actin and transferrin receptor and 
model RNAs with and without cap structure at the 5' end), and subsequent sequence analysis of 

10 amplified product, conservative structures have been identified at the 3' end of an ollgonucleoUde 
which can be used to generate a highly efBdeni CAP-dependent template switching reaction. 
Muuiional analysis of conservative and non-conservative regions of tiie oUgonudeotide sequence 
(see Uie sequences of additional analyzed CAPswitch oligonucleotides, SEQ ID NOS. 19-66) 
revealed that tiie highest effidency of CAP-dependent template switdiing was achieved using a 

15 basic DNA-RNA chimeric CAPswitch oUgonudeotide having an arbitrary sequence at its 5' end 

and a conservative oligo ribo(G) sequence at the 3' end. This oUgonudeotide is represented by 
Uie general formula: 

5'-dN,-rGy-3' 

long; and rGy represents an oUgo rG sequence 3-5 bases long. Hxe oligo rO sequence is 

20 responsible for tiie main template switching function associated with tiie CAPswitdi 

oUgonudeotide. The arbitrary deoxyiibooUgonudeotide sequence can be selected so as to be 
useful for subsequent cDNA synUiesis and doniag steps. 

In addition, Uie template switching reaction is most effident for cDNAs tiiat have 
sequence complemenury to tiie 5' end of tiie mRNA, in comparison to cDNAs tiiat were 

25 prematurely terminated during reverse transcription of tiie first strand and, tiierefore, do not have 

sequences complementary to the 5' end of tiie mRNA molecule. The presence of tiie CAP 
struaure at tiie 5' end of mRNA is not a necessaiy requirement for template switching reaction, 
but the temptaie switdiing reaction is most effective for fuU-lengtii DNA products syntiiesized on 
mRNA which has tiic CAP structure present at Uic 5'-end. 

30 Modifications in tiie struaure of template switching oUgonucleotides are contemplated 

witiiin tiie scope of tiie present invention. SpedficaUy, those modification which may affea tiie 
template switching effidency but in which tiie template switching oUgonudeotide retains tiie 
substantiaUy tiie same functional activity as unmodifed template switching oUgonucleotides, ue., 
CAP-dependent extension of fuU-lengtii cDNA by reverse transcriptase using tiie oUgonudeotide 

35 as a template, is contemplated by tiie subjett invention. The modified oUgonucleotides can be 
used as alternatives to unmodified CAPswitch oligonucleotides. The following rules summarize 
these modifications that are useful according to the subject invention: 
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la. The use of shorter (1-2 hases) oUgo rG 3 '-end sequeaces, replacement 
f one or several rO residue(s) for rA, rC or rU, or replacement of oligo rG for oUgo dG 
reduces efficiency of the basic structure; longer oligo rO sequences (7-9 bases) do not 
significantly influence template switching efficiency. 

lb. Modification of the 3' terminal G at the 3'-0H group of ribose residue 
by an amino, biotin, phosphate, fluoro or glycerol group can significantly reduce 
background in subsequent PGR amplification steps (step 3A). 

la Changes in the sequence of the arbitrary portion of a template switching 
oligonucleotide, replacement partially or completely deoxyribonucleotides for 
ribonucleotides, including restriction site(s), does not significantly influence template 
switching efficiency. Using a longer arbitrary sequence (about 22 to 42 bases) at the 3'- 
end of the template switching oligonucleotide reduces the effidency of template switching, 
whereas shorter sequences (about 15 to 17 bases) slightly inaease the efficiency of 
template switching but make subsequent PGR amplification steps (step 3A, 3C) less 
efficient 

Id. A person skilled in this art having the benefit of the current disclosure 
would recognize that other modffications in the structure of template switching 
oligonucleotides of the present invention can be readily prepared. These modffications 
can increase the effidency and spedfidty of the CAP-dependent template switching 
reaction. For ciamplc, using aptamer (random oligonucleotide) selection technology 
(Kenan erfli, 1994) it is possible to find ribonucleotide or deoxyribonudeotide sequences 
of the arbitrary portion of the template switching oligonucleotide which effidently bind 
to the CAP structure of an mRNA molecule and, therefore, increase effidency of the 
template switching reaction. The same result can be achieved by replacement of natural 
nttcleotide(s) with modffied nucleotides in order to increase the affinity of the template 
switching oligonudeotides binding to the CAP structure. 

Chimeric protein-template switching oligonudeotides can also be constructed so 
that the protein portion recognizes and binds the CAP struaure, which can increase 
effidency of the template switching reaction. These cap binding proteins or protein 
portions are well known in the art and preferably include antibodies against the CAP 
structxire and eukaryotic initiation fiaaor 4E (eIF-4E). 



Another advantage of using the methods and compositions of the present invention is the 
high fiocibility of this procedure which makes it possible to use this new technology with 
conventional cDNA doning procedures well known in art Advantageously, the subject invention 
can eliminate the need for multiple enzymatic or purification procedures used in conventional 
procedures. The subjert method can provide CAP-dependent automatic and direct addition f 
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a template switching oligonucleotide sequence to the 5' end of mRNA:cDNA hybrid in the course 
f fiisi-sirand cDNA synthesis. Moreover, the methods and compositions of the subjea invention 
can be combined with procedures weU known in the art for cDNA synthesis and cloning. It will 
be apparent to those skilled in the art that the order of some of the individual steps, the exact 

5 structure of CDS primers, and the vectors used for cDNA library construction can be varied. 

Thus, modifications, substitutions, and optimization of the methods and materials disclosed herein 
which provide for the cloning of full-length cDNA or cDNA £ragment(s) containing complete 
complementary nucleotide sequence of the 5'-end of mRNA molecules are within the scope of 
the present invention. The description below details oidy preferred steps which result in the 

10 efficient generation of full-length cDNA from RNA 

First-strand cDNA synthesis . Using the subjea method with conventional procedures, 
fiist-strand cDNA synthesis can be carried out using an annealed complex comprising a cDNA 
synthsis primenmRNA as a template for reverse transcription. Primer extension can be catalyzed 
by reverse transcriptase, or by a DNA polymerase possessing reverse transcriptase activity, in the 

15 presence of adequate amounts of other components necessary to perform the reaction, for 

example, deoxyribonudcoside triphosphates ATP, CTP, OTP and TTP, Mg^*^, optimal buffer. A 
variety of DNA polymerases possessing reverse transcriptase activity can be used for the 
first-strand cDNA synthesis. Examples of DNA polymerases that can be used in the methods of 
the present invention include the DNA polymerases derived from organisms such as thermophilic 

20 baaeria and arcbaebacteria, retroviruses, yeast, Neurospora, Drosophila, primates and rodents. 

Preferably, the DNA polymerase is isolated from Moloney murine leukemia vims (M-MLV) (U .S. 
patent 4,943,531) or M-MLV reverse transcriptase lacking RNaseH activity (U.S. patent 
5,405,776), human T-ceU leukemia virus type I (HTLV-I), bovine leukemia vims (BLV), Rous 
sarcoma virus (RSV), human immunodeficiency virus (HTV) or Thermus aquatkus (Taq) or 

25 Thermus thermophUus (Tth) (U.S, patent 5322.770). These DNA polymerases may be isolated 

from an organism itself or, in some cases, obtained commercially. DNA polymerases useful with 
the subjea invention can also be obtained from cells expressing cloned genes encoding the 
polymerase. As a starting material for cDNA synthesis, poly(A)+RNA or total RNA from yeast 
and higher organisms such as plants or animals can be used. 

30 The first-strand cDNA synthesis step of the subject method can indude template 

switching oligonucleotides of the present invention in the reaction mixture, but are not a necessary 
component for carrying out first-strand cDNA synthesis. The template switching oligonucleotides 
can be added at the time of the template switching step which follows the first-strand synthesis 
step. Thus, it is understood that template switching oligonucleotide molecules can be included 

35 in the first-strand reaction composition (for example, during cDNA synthsis primer annealing to 

RNA or when contacting the RNA with an enzyme possessing reverse transcriptase activity) or 
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ih oligonucleotides can be added in the course of, or after completion of. the first-strand cDNA 
synthesis reaction. 

Depending on the strategy to be employed for cDNA cloning, numerous cDN A synthesis 
primers structures can be used for the first-strand cDNA synthesis using poly(A)+RNA as a 
template and catalyzed by the reverse transcriptase activity. The cDNA synthesis primer can be 
a single-stranded oUgonudeotide, a double-stranded oligonucleotide having a single-stranded 
portion (primer-resiricticn-end or PRE, adapter, as described by Coleclough et aL, 1985), or a 
vector primer, representing ds vector with a single-stranded portion (Okayama et oL, 1982). In 
aU three cases, a single-stranded portion of the cDNA synthesis primer is responsible for binding 
with poly(A)+RNA and initiating the first-strand cDNA synthesis. In a preferred embodiment 
of the subject method, for fuU-length cDNA Ubrary construction, a CDS primer containing an 
oligo dT taU at the 3'-end of the primer is annealed to the poly(A) portion of mRNA. For rapid 
amplification or cloning of 5' cDNA ends and for selective cloning of particular genes, the CDS 
primer can possess a random sequence or arbitrary sequence which may conespond to a particular 
sequence of a target gene which is to be cloned. 

The subjea invention particularly concerns the embodiments of the above methods 
wherein the CDS primer can be annealed to: 

la. The polvfA^ tail of pQlvr^A^^^RNA The cDNA synthesis primer can be 
selected from a single-stranded oligonucleotide, any partiaUy double-stranded DNA 
fragment, or any linear vector primer. In a prefened embodiment, the oligonucleotide 
primer has the sequence: 5'-dNi-dN2-..,dNm^-dNi-dN2-...dNp-3' wherein m represents 
an integer 0 and above, preferably from 0 to 20; n represents an integer 8 and above, 
preferably from 8 to 30. p is preferably from 0 to 3; dN represents a deoxyribonudeotide 
selected from or represent mixture of dAMP, dCMP, dGMP, and dTMP; dT represents 
dTMP- Some modifications in the struaure of the primer such as replacement of 1-10 
nucleotides for nucleotides containing different hapten groups (bioim, digoxigenin, 
fluorescein, etc), nucleotide analogs, ribonudeotides, non-natural nudeotides. 
incorporation of restriction sites, bacteriophage RNA polymerase promoter region which 
simplify subsequent purification, using and cloning cDNA but still retain the main 
funcUon of the primer . ie., priming activity from poly(A) portion of poly(A)+RNA, arc 
within the scope of present invention. Using a partially double-suanded DNA primer or 
linear plasmid vectors having a single-stranded tail sequence 5 ' -dN i-dNj-. . . dNm-dTn-dNj- 
dN2-...dNp-3', described above, and possessing priming activity for fiisi-strand cDNA 
synthesis from poly(A) portion of poIy(A)+RNA, are also considered as part of the 
subject invention. In order to simplify the doning procedure, the CAPswitch 
oUgonudeotide can be attached to the other end of vector primer. In this case, the vector 
primer wiU possess at one end a sequence corresponding to the CDS primer and, at the 



wo 97/24455 



PCT/US97/00368 



13 



other end, the CAPswitch oUgoaudeoiide (CAPswitch-veaor primer technology). 
Subsequent cDNA synthesis and automatic template switching wiU generate cDNA.-wctor 
chimeric product, which can be easily cloned as described Okayma a aL. 1982. 

lb. Tntier. non-polY<^A^ portion of the mRNA. These oUgonudeoXide 
primer(s) have the general formula dNj^Nj-.-dNq. where dN represents a 
deoxyribonudeotide selected from among dAMP. dCMP, dGMP, and dTMP or represent 
a mixture of 2-4 of these bases; and q represents integer 6 and above, preferably from 6 
to 50. These primers can have a random sequence, it, annealed to all mRNAs, an 
arbitrary sequence, ie, annealed to at least one arbitraiy mRNA or a sequence 
complementaiy to at least one mRNA. Also, the sequence of these primer(s) can indude 
a restriction site(s) or modified bases (for example, biotinylated) to fedlitate subsequem 
purification or doning procedure. 

spmnri-strand cPNA synthesis ap d/nr PCR amplification. First-strand cDNA synthesis 
based on CAPswitch tedmology generates a fuU-length (or the conesponding 5' end of a full- 
length fragment) mRNAcDNA hybrid molecule intermediates flanked by a CDS primer at its 
y end, and a CAPswitch oUgonucleotidc at its 5' end. Sudi intermediates can be easily converted 
to a ds cDNA form suitable for subsequent doning using conventional procedures. These 
procedures are weU known and indude: 

1. Direa amplification of fuU-length cDNA by combination of PGR primer corresponding 
CDS and CAPswitch flanking portions of mRNA:cDNA hybrid and effective amount of 
other reagents under conditions necessaiy to perform PGR. Preferably, the conditions are 
those devetoped for amplification of long nudeic add sequences and described by Cheng 
(International Patent (1995)) and Barnes (U.S. Patent No. 5,436,149 of July 25, 1995). 

Z Replacement of the mRNA portion of Uie mRNA:d>NA hybrid witii a second-strand 
cDNA essentially as described by Okayama et aL (1982) and Gubler et al(1983). This 
process entails digestion of die RNA with a ribonudeasc such as £. cotf RNase H, repair 
syntiiesis using a DNA polymerase having the activities of DNA polymerase I, and 
ligation. The procedure depends on tiie structure of the CDS primer used for Mxe first- 
strand cDNA synthesis. Second-strand d>NA syntiiesis can be carried out using as a 
template mRNA-xDNA hybrid or mRNA-cDNA.-vcctor chimeric product using vector 
primer for first-strand synthesis (CAPswitch-vector primer technology, see above). 
Alternatively, mRNAcDNA hybrid generated by PRE adaptor strategy, described above, 
can be digested at tiie 5' and 3' flanking sequences, which correspond to PRE adaptor 
and CAPswitch oligonucleotide by at least one restriaion enzjme, and tiien Ugated into 
a conventional vector digested by tiie same restriction enzyme(s). Any restriction 
en2yme(s) can be used as long as it does not cut witiiin mRNAcDNA hybrid. 
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Cloning into vector . In the case of using a vector primer (CAPswitch-vector primer) or 
PRE adaptor strategy, the ds cDNA generated after second-strand cDNA synthesis is already 
inserted into the vertor and does not require this step. When an oligonucleotide CDS primer is 
used, the ds cDNA prepared in the second step by PGR or by mRNA replacement technology can 
be iigated with adaptors or digested with restriction enzyme(s) in sequences corresponding to CDS 
and CAPswitch oligonucleotide flanking portions, thus generating ds cDNA molecules which will 
be ligaied to any conventional cloning vector (including plasmid, cosmid, phage, retroviral vector 
and so on) after digesting it with the same restriction enzyme(s). 

Then, recombinant DNA molecules comprising a full-length cDNA Ubraiy can be 
introduced into prokaiyotic hosts and, optionally, eukaiyotic hosts, useful in the high frequency 
cloning of full*lehgtb ds cDNA and in the expression of recombinant proteins therefirom. 

Once cloning is completed according to the invention, the desired clone(s) can be 
deteaed by labeled probe, monoclonal or polyclonal antibodies prepared against the product in 
a conventional immunoassay or enriched for desired target by hybridization selection approach, 
described for example by Li e/ in International Patent WO 95/04745 of 9 August 1994. 

Summary. Use of CAPswitch oligonucleotide in cDNA synthesis and cloning significantly 
simplify and improve technology of fiill-iengtb cDNA library construction. The main benefits are 
as follows: 

1, The one-stage procedure which includes first-strand cDNA synthesis and addition of a 
defined sequence to the 3' end of cDNA which significantly reduces the number of steps 
(from 5-7 to 2-3 steps) necessary for conventional PCR-based standard cDNA library 
construction technology. A lower number of steps means that the novel methods and 
materials of the present invention is more efficient, easier, less labor-intensive, and more 
reproducible than conventional cDNA library construction methods. 

2. In accordance with the present invention, the CAP-dependent template switching 
mechanism provides significantly more cfBdent technology for synthesizing full-length 
cDNA and generating cDNA Ubraries mostly containing fuU-lcngth cDNAs. The methods 
and ma>^"fli'^ of the present invention can provide a novel method for readily selecting 
the fuU-length cDNAs to be cloned in the cDNA library. 

As used herein, the term 'full-length complementary DNA or cDNA" is defined as a 
fuU-length single-stranded (ss) or double-stranded (ds) cDNA(s) or cDNA fi^gment(s) which 
contain the complete sequence information of the 5'-end(s) of mRNA(s). Full-length cDNA can 
contain the complete sequence information of the 5*-cnd of a particular (target) mRNA or of the 
whole population of polyA-l-RNA used as a template for the first-strand cDNA synthesis. 

As used herein, the term "fuU-lengih cDNA library" refers to the whole population of 
ss or ds cDNAs synthesized fix>m polyA+RNA as a template. The fiilHength cDNA library can 
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be used directly for different appUcations known in the art or it can be cloned into any suitable 
recombinant cloning vehicle, and host can be uansformed with the cloning vehicle. 

The term "template switching" reaction refers to a process of lemplate^lcpendent 
synthesis of the complementary strand by a DNA polymerase using two templates in consecutive 
order and which are not covalently linked to each other by phosphodiester bonds. The 
synthesized complementaiy strand will be a single continuous strand complementary lo both 
templates. TVpically, the first template is polyA+RNA and the second template is a temphite 
switdiing or "CAPswitch" oligonudeotidc. 

As used herein, the term 'arbitraiy sequence" or "anchor sequence" refers as any defined 
or pre-selected deoxyribonudeotide. ribonudeotidc or mixed deoxyribo/ribonudeotide sequence 
whidi contains a particular sequence of natural or modified nudeotides. 

As used herein, the term "random sequence" is defined as deoxyribonudeotide, 
ribonudeotidc or mixed deoxyribo/ribonucleotide sequence whidi contains in cadi nudeoUde 
position any natural or modified nucleotide. 

As used herein, the term "fuU-lcngth andiored cDNA" is defined as a fiill-length ss cDNA 
whidi has a defined arbitraiy sequence at the 3'-end. 

As used herein, the term "mRNA:cDNA hybrid" refers to a product after first-strand 
cDNA synthesis catalyzed by reverse transcriptase using polyA+RNA as a template. 
"mRNA-cDNA hybrid" can be fuUJength if the cDNA portion indudes the complete sequence 
of the 5'-ends of the template mRNA. 

As used herein, the term "reverse transcriptase" is defined as any DNA polymerase 
possessing reverse transcriptase artivity whidi can be used for fiist-strand cDNA synthesis using 
polyA+RNA or total RNA as a template. 

As used herein, two sequences are said to be "complemenury" to one another if tiicy are 
capable of hybridizing to one another to form antiparaUel, double-stranded nudeic add structure. 

As used herein, the term "hapten" refers to a molecule that is bound to a nudeic add 
molecule and can be recognized and bound by another molecule, or "binding Ugand," eg., an 
antibody, streptavidin and biotin, transient metal, and oUiers known in tiie art. Eamples of 
haptens tadude chelating group, biotin, fluorescein, digoxigenin. antigen , and otiiers known in 
the an. 

As used herein, Uie term "solid support" refers to any known substrate which can be used 
for tiie immobilization of a binding Ugand or oUgonudeotide/polynudeotide sequences by any 
known method. 

As used herein, die term "reporter group" refers to any group incorporated into 
fuU-length cDNA by conventional chemical or enzymatic labeling procedures and \irtiich can be 
detected by use of conventional techniques, such as scintillation counting, autoradiography, 
Quorescence measurement, calorimetric measurement, light emission measurement, and other 
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means known in the art Examples of reporter groups include radioisotopes, Quoresccnt, 
chemifluorescenl, chemiluminescent, hapten groups, and otliers known in the art 

As used herein, the term "subtractive hybridization" refers to technology which allows for 
the recovery of a cDNA population containing a highly enriched representation of the cDNA 
spedes that are present in one cDNA populaUon (tester), but that are less abundant or not found 
in another cDNA population (driver). Examples of subtractive hybridization technologies include 
Suppression Subuactive Hybridization technology (Chenchik et aL US. Patent No. 5,565340), 
representation difference analysis (Wigler et aL, U.S. Patent No. 5,436,142); and linker capture 
subtraction (Yang et cl.. Anal. Biochem. 237:109-114(1996). 

As used herein, the term "nucleotide analog' refers to a nucleotide which is not typically 
found in the in DNA or RNA and possesses some additional features which can improve 
efficiency of the template switdiing reaction or improve the usage of anchored cDNA generated. 
For example, suitable nucleotide analogs include modification in the base or sugar-phosphate 
backbone, like peptide nucleic acid, inosin, 5-nitroindole deoxyribofuranosyl, 
5-melhyldeoxycytosine, and 5,6-dihydro-5,6-dihydroxydeo^hymidine. Other nucleotide analogs 
will be evident to those skilled in the art 

Following arc examples which illustrate procedures for practicing the invention. These 
examples should not be construed as limiting. All percentages are by weight and all solvent 
mixture proportions are by volume unless oth^wise noted. 

Example 1 - Preferred Method for Qoning 5'-end Sequences o f Full-Leneth cDNA Based on 
CAPswitch Technology 

Obtaining a fuU-lcngth cDNA is one of the most important, and often one of the most 
difficult, tasks in characterizing genes. Traditional methods for cDNA Ubrary construction usuaUy 
produce only partial cDNA fragments. To facilitate recovery of the rest of the coding sequence, 
minvkro method for the rapid amplification of cDNA ends (RACE) was proposed in 1988 
(Frohman et aL, 1988). In spite of various modifications which have been developed, the cunent 
RACE technologies are complicated and inefficient. The methods and materials of the present 
invention provides a method which significantly simplifies and makes more efficient the 5 '-RACE 
procedure. The flow chart which describes CAPswitch-based 5'-RACE procedure is shown in 
Figure 2, and the preferred protocol is described below. Some obvious modifications in protocol. 
e.gM using other enzymes possessing similar enzymatic activities for first-strand synthesis step and 
PCR. using other sequences of oUgo(dT) primer and CAPswitch oUgonucleotide, using for first- 
strand synthesis a gen -specific primer, instead of a oligo (dT) primer, all feU within the scope of 
the present inventioa 
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Step. 1 First-strand cDNA svnlhesis-template switc hing procedure, 10 pmol of cDNA 
synthesis primer (oligo d(T) primer) 

CDSl: 5'-d(TCTAGAATrCAGCOGCCGC(T)3oVN) - 3' (SEQ ID NO. 8) 

(where V=G or A or C; N=G or A or T or C) 
5 and 50 pmol of CAPswitch oligonucleotide (CSOl); 

CSOl: 5'^(CrAATACGACrCACrATAGGGC)r(GGGp).3' (SEQ E) NO. 9) 

(where p is 3 '-phosphate group) 

were annealed to 1 fig of human placenta poly(A)'^ RNA (CLONTECH Laboratories, Inc., Palo 
Alto, CA), in a volume of 5 fil of deionized water, by heating the mixture for 2 minutes at Tff'C, 

10 followed by cooling on ice for 2 minutes. Fint-sirand cDNA synthesis was then initiated by mixing 

the annealed primer-RNA with 200 units of M-MLV RNase H- reverse transcriptase (Superscript 
II reverse transcriptase. Life Technologies) in a final volume of 10 /<1, containing 50 mM Tris-HCl 
(pH 83 at 22**C); 75 mM KQ; 6 mM Mga2; 1 mM DTP, and 1 mM each of dATP. dGTP, dCTP. 
and dTTP. The fixst-strand cDN A synthesis-template switching reaction was incubated at 42*C for 

15 IJ hours in an air incubator and then cooled on ice. We also synthesized first-strand cDNA using 

random d(N)^j primers (500 ng) or human beta-actin antisense gene-spedfic primer 
ACTl: 5^d(ACrcGTCATACTCCTGCITGCTGATCCACATCT^ (SEQ ID NO. 10) 
or htmian transferrin receptor antisense gene-spedfic primer: 

TFRl: 5'^(GTCAATCTCCCAAACGTCACCAGAGA)-3' (SEQ ID NO. 11) 

20 instead of the oligo d(T) primer. 

The reaction mixture was then diluted 500-fold by addition of 5 ml of 10 mM Tricine- 
KOH (pH 8.5 at 22**C) and 0.1 mM EDTA, incubated at 94*C for 1.5 min, cooled on ice, and 
stored at -20*'C 

Step 2. 5'- RACE. PGR amplification was performed using the Advantage KlenTaq 
25 Polymerase Mix (CLONTECH Laboratories, Inc). This kit contains a mixture of KlenTaq-1 and 

Deep Vent DNA polymerases (New England Bio Labs) and TaqStart antibody (CLONTECH 
Laboratories, Inc.). The TaqStart andbody provides automatic hot-start PGR. Amplification was 
conduaed in a 50^1 volume containing 5 fil of diluted first-strand d5NA; 40 mM Tridne-KOH 
(pH 9.2 at 2yC); 3^ mM Mg(OAc)2; 10 mM KOAc, 75 /ig/ml BSA; 200 fiU each of dATP, 
30 dGTP, dCTP, and dTTP; 02 fiM each of CAPswitch primer (CSPl): 5'- 

d(CrAATACGACrCACTATAGGGC). 3' (SEQ ID NO. 12) and gene-spedfic primer (GSP 1 
for beta-actin or transferrin receptor); and 1 f^l of 5Qx KlenTaq Polyi^ierase Mix. Temperature 
parameters of the PGR reactions were as follows: 1 minute at 94'*C followed by 5 cycles of 94°C 
for 30 seconds and 72*C for 5 minutes; then 5 cydes of 94'C for 30 seconds and 70'C for 5 
35 minutes; then 25 cydes of 94'C for 30 seconds and 68*'C for 5 minutes; foUowed by a 10-minuie 
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final cactension at 68'C PCR products were ewmined on 1.2% agarose/EtBr gels in Ix TBE buffer. 
As a DNA size marker we used a 1 kb DNA Ladder (Life Technologies). 

Both human beta-actin and tfansferrin receptor cDNA 5'-RACE reaaion generate a 
single band which correspond to the expected size of fuU-length amplified 5'-RACE product. 
Subsequent cloning and sequence analysis of 18 randomly picked 5'-RACE clones confirm their 
identity to beu-actin and transferrin receptor 5'-end fragments. Moreover, 5'-end sequences of 
amplified 5'-RACE product exactly conespond to sequences of fiill-lengih beta-actin and 
transferrin receptor mRNAs followed by sequences corresponding to CAPswitch oUgonudeotide. 
This example illustrates that CAPswitch 5'-RACE can be efBcientiy used not only for 
ampUfication of fuU-length S'-end sequences of cDNAs but also for exact mapping of 
transcriptional start sites. 

TSvam pip. 7 - CAPswitch PCR-Based Tecbnotogv for Ful l-Length cDNA I-ihrarv Construrtion 

Methods and materials of the present invention can be effectively used for construction 
of cDNA Ubraiies using as a template 10-100 ng of total RNA. Any conventional procedure weU 
known in art can be used to purify this small amount of total RNA from 10-50 mg of "difficult" 
cells or tissues, like human biopqr tissues, pathogenic miCTOOrganisms, tissues at different 
developmental stages and so on. The flow chart in Figure 3 shows the main step of this procedure. 
It will be apparent to those skilled in the art that some individual non-essential steps, structure 
of CDS primer, CAPswitch oligonucleotide and adaptors shown in Figure 3 can be varied without 
changing the efficiency of the whole procedure. For example, instead of the adaptor UgaUon step 
(step 3), ds cDNA generated by PCR can be digested by rare cutting restriaion endonuclease(s) 
in sequences corresponding CDS and CAPswitch oligonucleotide flanking portions and cloned 
directly into vector. Also, other conventional procedures well known in the art for direct cloning 
of PCR product, such as TA-doning vector, blunt end ligation, and the like, can be used for 
doning and generation of CAPswitch full-length cDNA libraries. Any such variaUons in the 
preferred protocol which are based on using methods and materiab of the subject invention are 
within the scope of the invention. 

Step 1. First-strand synthesis - temnlate switching . 10 pmol of d)NA synthesis primer 

(oligo d(T) primer) CDSl: 

5'-d(TCrAGAATrCAGCGGCCGC(T)3oVN) • 3' (SEQ ID NO. 8) 

(where V=G or A or Q N=G or A or T or C) and 10 pmol of CAPswitch oligonudeotide 
(CS02): 

CS02: 5'-d(CTAATACGACrCACrATAGGGC)r(GGG)-3' (SEQ ID NO. 13) 

were annealed to 100 ng of human skeletal musde Total RNA (CLONTECH Laboratories, Inc.) 

in a volume of 5 fil of deionized water by heating the mixture for 2 minutes at ICfC, foUowed 
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by cooling on ice for 2 minutes. First-strand cDNA synthesis was then initiated by mixing the 
annealed primer-RNA with 200 units of M-MLV RNase H- reverse transcriptase (Superscript 
II reverse transcriptase, Life Technologies) in a final volume of 10 containing 50 mM Tris-HCl 
(pH S3 at 220C): 75 mM KQ; 6 mM MgQj; 1 mM DIT, and 1 mM each of dATP, dGTP, dCTP. 
and dTTP. The first-suand cDNA synthesis-template switching reaction was incubated at 42«C for 
L5 hours in an air incubator and then cooled on ice. 

stft p ?- Generation of fulUleneth cDNA bv PGR. PGR amplification of fuU-length cDNA 
was performed using the Advantage KlenTaq Polymerase Mix (CLONTECH Laboratories. Inc.). 
Amplificarion was conducted in a 100^1 volume containing 2 ;<1 of first-strand cDNA; 40 mM 
Tricine-KOH (pH 9.2 at 22"C); 3.5 mM Mg(0Ac)2; 10 mM KOAq 75 ftgfal BSA; 200 /iM each 
of dATP, dGTP, dCTP, and dTTP; 0.2 ;*M each of CAPswitch primer (CSPl) and CDSl primer 
1; and 1 ml of KlenTaq Polymerase mix. Temperature parameters of the PGR reactions were as 
foUows: 1 minute at 95»C foUowed by 20-22 cycles of 95»C for 15 seconds and 68°C for 5 minutes; 
foUowed by a lO-minutc final extension at eS^C. PGR products were examined on 12% 
agarose/EtBr gels in Ix TBE buffer. As a DNA size marker we used a 1 kb DNA Ladder (Life 
Technologies). 

stp p ^ Adantor lieaUon. Hie 50 fi\ of ds cDNA generated at the PGR step were 
combined with 2 /<1 of Proteinase K (2 mg/tal) and incubated at 45»C for 1 hour, foUowed by a 
denaturation step at ICPC for 10 minutes. Then. 3 ftl (15 units) of T4 DNA polymerase were 
added to the reaction mixture and additionally incubated at 16»G for 30 minutes, ds cDNA was 
then precipitated by addition of a half volume of 4 M ammonium acetate (about 35 /il) and 3.7 
volumes of 95% ethanol (about 260 /il). After vortexing. the tube was immediately centrifuged 
at 14,000 r.p.m. in a microcentrifuge for 20 minutes. The pellet was washed with 80% ethanol 
without vortexing, centrifuged as above for 10 minutes, air dried, and dissolved in 16 fil of 
deionized water. The ds cDNA was then ligated to an adaptor overnight at 16«G under the 
foUowing conditions: 16 of ds cDNA solution, 50 mM Tris-HQ (pH 7.8 at 22"^, 10 mM 
MgQj. 1 mM DTP, 1 mM ATP, 5% polyethylene glycol (M.W. 8,000), 2fiU of adaptor (Adl): 
Adl: 5- - d(AATrGGCGGGGGCGTCGAC) - 3' (SEQ ID NO. 14) 

y . d(GCGGCGGGGCAGCTGp) - 5' (SEQ ID NO, 15) 
(where p = a 3'.phosphate group) and 1 unit of T4 DNA ligase (Life Technologies) in a total 
volume of 30 /<L The ligation mixture was then stopped by addition of 70 1 of 10 mM EDTA 
The ds cDNA was exuacted once with phenoVchloroform/isoamyl alcohol (25:24:1, vol/vol), once 
with chloroform/isoamyl alcohol (24:1, vol/vol), and tiien precipitated by addition of 10 fil of 3 
M sodium acetate and 250 /il of 95% eUianol. After vortexing, Uie tube was immediately 
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cenuifuged at 14.000 r.p.ni. in a microcentrifuge for 20 minutes. The pellet was washed with 80% 
ethanol without vortexing, centrifuged as above for 10 minutes, air dried, and dissolved in 20/* I 
of dei nized water. The adaptor ligated ds cDNA was then phosphorylated at 37"C for 30 minutes 
under the following conditions: TJQfll of adaptor-ligated ds cDNA solution, 50 mM Tris-HQ (pH 
7,8 at 22'*C), 10 mM MgQj, 1 mM DTT, 1 mM ATP, 30 units of T4 polynucleotide Idnase 
(Epicenter Technology) in a final volume 30 fil Then phosphorylation reaction was terminated 
by adding 2 /il of 0.2 M EDTA and heat inactivated at 7ff*C for 15 minutes. 

Ste p 4. cDNA Size fractionation and cloning . Phosphorylated adaptor-ligated ds cDNA 
generated at the previous step was fractionated on the 1.2 ml Sephacryl S500 0 (Phamacia) gel 
filiraUon column equilibrated by 10 mM Ttis-HCl (pH 7,4), 30 mM NaCl, 0.5 mM EDTA. Size 
distribution of cDNA in the fractions was analyzed by 1.1% agarose/EtBr gel alongside a 1 kb 
DNA size marker (Life Technologies). Fractions corresponding to cDNA sizes longer than 0.5 kb 
were pooled together (total volume 250 and precipitated by adding 1/10 volume (25 of 3 

M sodium acetate, IJ fil ot 20 mgtol glycogen and 2.5 volume (400 /il) of 95% ethanol. 

After vonexing, the lube was immediately centrifuged at 14,000 r.p.m. in a microccntr^ 
for 20 minutes. The pellet was washed with 80% ethanol without vortexing, centrifuged as above 
for 10 minutes, air dried, and dissohred in 15 fil of deionized water. The ds cDNA was then 
ligated to the Aglll EcoRl vector arm (CLONTECH Laboratories, Inc) overnight at 16**C under 
the foUowing conditions: 5 /il of ds cDNA solution, 50 mM Tris-HQ (pH 7.8 at 22»C), 10 mM 
MgClj, 1 mM mT, 1 mM ATP, 5% polyethylene glycol (M.W. 8,000), 2.5 /*g of Agtll EcoRl 
arms, and 2.5 units of T4 DNA ligase (life Technologies) in a total volume of 25 /4l The ligation 
mixture was then packaged using standard protocols as described in the laboratory manual by 
Sambrook et aL (1989). 

In order to confirm the high quality of the library generated using the methods and 
compositions of the present invention, 50 recombinant phage clones were selcaed at random for 
the determination of insert size. The size distribution of the inserts was in the range of 0,5-4 J 
kb with a maximum of ZO-3.0 kb that correspond to the size distribution of skeletal muscle 
poly(A)+RNA in Total RNA used for cDNA library construction. The same 50 inserts were 
sequenced using Delta Tth DNA polymerase Sequencing kit (CLONTECH Laboratories, Inc). 
Ten of the sequences were identified in a search of the OenBank daubase. They are transferrin 
receptor, ribosomal protein L7, myosin light chain 2, LIM domain protein, ATPasc factor 6, 
cytochrome C oxidase, cytoskeletal y-actin, smooth musde a-actin, and smooth muscle y-actin. 
For three cDNAs the sequences of the clones were longer than published in GenBank. For seven 
cDNAs, their sequences exactly corresponded to full-length mRNA sequences starting from the 
cap site. 
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niese data show that methods and composlUons of the present invenUon can be used for 
cDNA Ubraiy construction to generate a high quality cDNA library with a veiy high level of fuU- 
length cDNA clones. 



PTam ple 3 - CAP«»ritch Full-LenPth cDNA Li b raiv Construction Using PRE Adaptor-Primer 
Strategy 

CAPswitch technology can be also eflfecdvcly be combined with standard, conventional 
(non PCR-based) technologies weU known in the art. As a result, conventional procedures can 
be significantly simplified, and a full-length cDNA ratiier than a cDNA fragment Ubraiy will be 
generated. In this eamplc, as a starting material for cDNA syntiiesis, we used poly(A)+RNA 
-me flow chart in Figure 4 illustrates the main step of CAPswitch fuU-length cDNA library 
construction technology mainly based on the conventional PRE adaptor-primer procedure 
described by Coledough et oL, (1985). It will be apparent to those skilled in tiie art tiiat choice 
of enzymes possessing similar enzymatic activities, structure of CDS primer (PRE adaptor primer). 
CAPswitch oligonucleotide and vertor, and choice of restriction sites used for cloning, as shown 
in Figure 4, can be varied without changing Uie efficiency of the subject procedure. One 
modification in tiie procedure can be to first cany out tiie second-strand synthesis (step 3) 
foUowed by restriction digestion (step 2), and cloning into a veaor (step 4). Another modification 
can include using adaptor Ugation procedure described in Example 2 instead of restriction 
digestion (step 2). Use of the vector primer instead of tiie PRE adaptor-primer for tiie first- 
strand cDNA synUiesis (step 1) can also be employed. In this case, tiie vector primer can have an 
oligo d(T) sequence at one end to initiate firet-strand syntiiesis and a CAPswitch oligonucleotide 
sequence at tiie oUier end to provide automatic template switching after completion of full-length 
Qist^trand cDNA syntiiesis. Any such variations In tiie preferred protocol which use metiiods and 
materials of tiie subjea invention are witiiin tiie scope of the invention. 
Siep 1. Generation of fuU-leneth mR NA cDNA hybrid. 
10 pmol of cDNA synthesis primer (CDS3): 
5'- d(TCTAOAATrCrCGAGGCGGCCGCCI)3oVN) - 3' (SEQ ID NO. 16) 
3'- d(AGATdTAAOAGCTCCGCCGGCG) - 3' (SEQ ID NO. 17) 
(where V=G or A or C; N=G or A or T or C), 

and 10 pmol of CAPswitch oligonucleotide (CS03): 

5'.d(TGCrGCGAGAAGACGACAGAATrCGG)r(GGG)-3' (SEQ.ID NO. 18) 

were amiealed to 5 /ig of human skeletal musde poly(A)+ RNA (CLONTECH Laboratories, 
Inc.), in a volume of 12.5 fi\ of deionized water, by heating tiie mixture for 2 minutes at 70"C, 
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foCowed by cooling on ice for 2 minutes. Fint-strand cDNA synihesis-template switching was then 
initiated by mixing the annealed primer-RNA with 1000 units of M-MLV RNase H- reveise 
transcriptase (Superscript II reverse transcriptase, Life Technologies) in a final volume of 25 fi\, 
containing.50 mM Tris-HCl (pH 8.3 at 22"C); 75 mM KCl; 6 mM MgClj; 1 mM DTT; and 1 mM 

5 each of dATP, dGTP, dCTP, and dTTP. The first-strand cDNA synthesis-template switching 

reaction was incubated at 42*C for 1.5 hours in an air incubator and stopped by addition of 75 fi\ 
of 150 /ig/ml glycogen, 10 mM EDTA The mRNAzcDNA hybrid was extracted once with 
phenol/chloroform/isoamyl alcohol (25:24:1, vol/vol), once with chloroform/isoamyl alcohol (24:1, 
vol/vol), and then precipitated by addition of a half volume of 4 M ammonium acetate (about 40 

10 fi\) and 3.7 volumes of 95% ethanol (about 300 fil). After vortexing, the tube was immediately 

centrifuged at 14,000 rp.m. in a microcentrifuge for 20 minutes. The pellet was washed with 80% 
ethanol without vortexing, centrifuged as above for 10 minutes, air dried, and dissolved in 50/41 
of deionized water. 

Step 2. Restriction digestion, mRNArcDNA hybrid generated at step 1 was digested for 

15 nondirertional cloning by EcoRl restriction endonudease (EcoRl and Afori or EcoRI and Xhol 

for directional cloning) for 1 hour at 37**C in 100 ml of reaction mixture, containing 50 mM Tris- 
HCl (pH 7^), 100 mM Naa, 10 mM MgOj, 1 mM DTT, and 50 units of EcoRl restriction 
endonudease (New England BioLabs). The reaction was then stopped by addition of 5 /^l of 2 
mgMil glycogen, 0.2 M EDTA The mRNAcDNA hybrid with EcoRl ends was extracted once 

20 with phenol/chlorofomvlsoamyl alcohol (2524:1, vol/vol), once with chloroformyisoamyl alcohol 

(24:1, vol/vol), and then predpitated by addition of a half volume of 4 M ammonium acetate 
(about 40 Hi) and 3.7 volumes of 95% ethanol (about 300 /*1). After vortexing, the tube was 
immediately centrifuged at 14,000 r.p.m. in a microcentrifuge for 20 minutes. The pellet was 
washed with 80% ethanol without vortexing, centrifuged as above for 10 minutes, air dried, and 

25 dissolved in S /il of deionized water. 

Step 3. Ueation into vector . The £coRI-dlgesied mRNArdDNA hybrid was then ligated 
to the Agtll EcoRl vector arm (CLONTECH Laboratories, Ina) overnight at 16**C under the 
following conditions: 5 fi\ of mRNA:cDNA hybrid solution, 50 mM Tris-HQ (pH 7.8 at 2rC), 
10 mM MgQj, 1 mM DTT, 1 mM ATP, 5% polyethylene glycol (M.W. 8,000), 2.5 fig of Agtll 

30 EcoRl arms, and 2.5 units of T4 DNA ligase (Life Technologies) in a total volume of 20 fil 

Step 4. Second-strand cDNA synthesis. Second-strand cDNA synthesis was carried out 
in a total volume of 100 ;<1, containing 20 /zl of the vector-ligated mRNAicDNA hybrid, 20 mM 
Tris-HQ (pH 7.5 at 22*C), 100 mM KCl. 10 mM (NH4)2S04, 5 mM MgQj, 0,15 mM^-NAD, 
50/ig/ml BSA, 300 units/ml R coU DNA polymerase 1, 12 units/ml JEL coU RNase H, and 60 
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units/na £ cott DNA Ugase. Tlie reaction mixture was incubated at 16«C for 1.5 hours and stopped 
by addition of 4 ;*l of 2 mg/ml glycogen, 0.2 M EDTA The ds cDNA was extracted once with 
phenol/chloroformyisoamyl alcohol (25:24:1, vol/vol), once with chlorofonn/isoamyl alcohol (24:1, 
vol/vol), and then precipitated by addition of a half volume of 4 M ammonium acetate (about 35 
/II) and 3.7 volumes of 95% ethanol (about 260 After vortexing, the tube was immediately 
centrifuged at 14,000 r.p.m. in a microcentrifuge for 20 minutes. The peUet was washed with 80% 
ethanol without vortexing, centrifuged as above for 10 minutes, air dried, and dissohred in lOfil 
of deionized water. 

The fuU-length cDNA library was then packaged using standard protocol described in the 
laboratory manual by Sambrook et ai(1989). In order to confirm the quality of the libraiy 
generated by the methods and matcriak of the present invenUon, we carried out the same quaUty 
control experiments as in Example 2 for the PCR-based technology. The size distribuUon and high 
efficienqr cloning of fuU-length cDNAs library were similar for both libraries. 

These data show that the methods and compositions of the present invention can be used 
for cDNA Ubrary construction based on PRE adaptor-primer suatcgy to generate high quaUty 
cDNA libraries with a very high level of full-length d>NA clones. 

Example 4 ■ Preferred Method for Amplifjcation ds cDNA i«inp CAPswitch technologv and Using 
this ds cDNA in cDNA Subtraction. 

The methods and materials of the subject invention were also used for producing 
high-quality cDNA from nanograms of total or poly A+ RNA. The flow chart in Figure 1 (step 
1 and 2) shows the main steps of tins procedure. It will be apparent to those skilled in the art that 
some modification in the preferred protocol, such as strutture of ODS primer, CAPswitch 
oligonucleotide, time of addition different reaction component can be varied without changing tiie 
efiSdency of the whole procedure. 

In one embodiment of the subject of invention tiie ds cDNA amplified by methods and 
materials of tiie present invention has been used in combination witii cDNA subtraction 
technology. When total RNA is used for cDNA synthesis by conventional metiiods, ribosomal 
RNA is transcribed along with poly A+ RNA fraction, even if ^tiiesis is oligo(dT)-primed. If 
this cDNA is used for d5NA subtraction procedure, the excess of ribosomal RNA, impurities of 
genomic DNA and low concentration of cDNA corresponding to tiie poly A+RNA fraction 
results in inefBdent subtractive hybridization. However, cDNA generated using methods and 
materials of the present invention can be directly used for subtractive hybridization procedure - 
even if total RNA was used as starting materiaL In a preferred sub-embodiment, tester and driver 
ds cDNA amplified by methods and materials of the present invention was used in combination 
with Suppression Snbtractive Hybridization technology (Chenchik et al., U.S. Patent No. 
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5,565,340), Other methods of subtractive hybridization, described for example, by Wigler et aL 
(U.S. Patent No. 5,436,142); Hampson et aL (Nucl. Acids Res, 20:2899 (1992)); Yang tt aL (Anal. 
Biochem. 237:109-114(1996)); Balzcr et aL (Nucl. Adds Res, 22:2853-2854(1994)), and others, can 
be employed using ss or ds cDNA corresponding tester and/or driver and amplified by according 
to the methods of the present invention. 

Step 1. First-strand synthesis - template switching. 10 pmol of cDNA synthesis primer (oligo d(T) 
primer) CDS3: 5--d(AAGCAGTGGTAACAACGCAGAGTAC(T)30 - 3' (SEQ ID 

NO,67), 

and 10 pmol of CAPswiich oligonucleotide (Nalsm03): 
5'-d(AAGCAGTGGTAACAACGCAGAGTACGC)r(GGG) - 3' (SEQ ID N0.68). 

were annealed in two separate test tubes to 1 mg of each tester and driver Total RNA 
(CLONTECH Laboratories, Inc.), in a volume of 5 ml of deionized water, by heating the mixture 
for 2 min at 70OC, followed by cooling on ice for 2 min. First-strand cDNA synthesis was then 
initiated by mixing the annealed primer-RNA with 200 units of M-MLV RNAse H- revene 
transcriptase (Superscript n reverse transcriptase, life Technologies) in a final volume of 10 ml, 
containing 50 mM TOs-HQ (pH 83 at 22oC), 75 mM KQ, 6 mM MgC12 , 1 mM DTT, 1 mM of 
each dATP, dGTP, dCTP and dTTP. The fixst-strand cDNA synthesis-template switching reaction 
was incubated at 42oC for 1,5 hr in an air incubator, then dUuted by adding the 40 ml of TE 
buffer (10 mM Tris [pH 7.6], 1 mM EDTA) and healed at 720C for 7 min. 

Step 2. cDNA Amplification 

PGR amplification of full-length cDNA was performed using the Advantage KlenTaq Polymerase 
Mix (CLXDNTECH Laboratories, Inc). Amplification was conducted in a 100-ml volume 
containing 5 ml of diluted first-strand cDNA 40 mM Tridne-KOH (pH 9.2 at 220C), IS mM 
Mg(0Ac)2, 10 mM KOAc, 75 mg/ml BSA, 200 mM of each dATP, dGTP, dCIP and dTTP. 0.2 
mM of PGR primer (Nalsm): 

AAGCAGTGGTAACAACGCAGAGT - 3* (SEQ ID N0.69) 

and 2 mi of KlenTaq Polymerase mix. Temperature parameters of the PGR reactions were as 
foUows: 1 min at 95oC foUowed by 17-19 cycles of 95oC for 15 sec and 68oC for 5 min; foUowed 
by a 10-min final extension at 68oC PGR products were examined on 1.2% agarose/EtBr gels in 
Ix TAB buffer. As a DNA size marker we used a 1 Kb DNA Ladder (Life Technologies). 
Terminate reaction by adding 2 ml of 0 J M EDTA 
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Step 3. cDNA purification. 

To tester and driver PGR product combined each from two reaction tubes, add an equal 
volume of phenol:choloroform:isoamyl alcohol (25:24:1). Vortex thoroughly. Centrifuge the tubes 
at 14,000 rpm for 10 min to separate the phases. Remove the top (aqueous) layer and place it in 
a clean 1.5-ml tube. Add 700 ml of n-butanol and vortex the mix thoroughly. Butanol extraction 
allows you to concentrate PGR product to a volume of 40-70 ml. Centrifuge the solution at room 
temperature at 14,000 rpm for 1 min. Remove and discard the upper (n-butanol organic) 
phase. If you do not end up with a volume of 40-70 ml, repeat butanol extraction step with the 
same volume of n-buunoL Invert a 0.75 ml CHROMA SPIN-1000 (CLONTECH 
Laboratories, Inc.) column several times to completely resuspend the gel matrix. Remove the top 
cap from the column, and then remove the bottom cap. Place the column into a 1.5-ml centrifuge 
tube or a 17 X 100 mm tube. Discard any column buffer that immediately coUects in the tube and 
add 1.5 ml of IX TNE buffer (10 mM Tris-HQ (pH 8.0). 10 mM NaQ, 0.1 mM EDTA). Let the 
buffer drain through the column by gravity flow untU you can see the surface of the gel beads in 
the column matrix. Discard the coUecied buffer and proceed with purification. Carefully and slowly 
apply the sample to the center of the gel beds flat surface. Do not aUow any sample to flow along 
the inner waU of the column. Apply 25 ml of IX TNE buffer and allow the buffer to completely 
drain out of the column. Apply 150 ml of IX TNE buffer and allow the buffer to completely drain 
out of the column Transfer column to a clean 1.5.ml microcentrifuge tube, ^ply 320 ml of IX 
TNE buffer and collect this as your purified cDNA fraaion. To confirm that your PGR product 
is present in the purified cDNA fi^cUon. perform the agarose/EtBr gel analysis as described in 
Step 2. 

Step 4. cDNA Subtraction. 

Perform an Rsa I digestion and cDN A subtraction as described in details by Gbenchik et 
aL CU.S. Patent No, 5,565^40). 



It should be understood that the examples and embodimenu described herein are for 
illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of this 
application and the scope of the appended c l ai m s. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

^'SS?c^^^^^ CLONTECH LABORATORIES INC. 

^^StrMt adSisL 1020 Eaat Meadow Circle 

City: Palo Alto 

State/Province t California 

Country: US 

(11) IXThE OF INVENTIOHl METHOD FOR FOLL-LBNGTH cDNA CLONING 
(ill) NUMBER OF SEQUENCES: 66 

rlv) COHRESPONDBNCB ADDRESS: 

(A) ADDRESSEE: Saliwanohik & Saliwanchik 

(B) STREET: 2421 H.W. 4lBt Street, Suite A-1 

(C) CITY: Gainesville 

(D) STATES Florida 
(S) COUNTRY: USA 
(F) ZIP: 32606 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

C» OPERATING SYSTEM: PC-DOS/MS-DOS . ,e 

(0) SOFTWARE. Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Saliwanchik, Davxd R. 

(B) REGISTRATION NUMBERt 31,794 

(C) REFERBNCB/DOCKBT NUMBER: CL-7 

/Ixl TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (904) 375-8100 

(B) TELEFAX: (904) 372-5800 

wn TO NO 1- CzRl 5'- d(T0TAGCGTGAAGACGACAGAA)r(N)i2 - 3' 

llo S m' 2*. cSa 5'- d TGTAGCGTGAA6A0GACAGAA(N)„ r(Nh - 3 

l»n iS 2S* 3*. cSs 5'- d TGTAOCGT6AACACGACA6AA(N)u) -3' 

%ln In SS* 4'. Sr4 5'- d TGTAGCGTGAAGACGACAOAAGGATG(N),)r{N) ^ - 3 

llo \l So t- SSl-M4 5'- d T0TA6C6TGAAQA0GACA0AA)r(N)4 - 3 

110 \l SS* 6- NS2I-N8 5'- d T6TAGCGTGAAGACGACAGAA)r(N)e - 3 

111 S m' 7'. S2I-NI2 5'- d TOTAGCGTGAAGACGACAGAA)r(N)„ -3' 

J SSI: 5'-d(icTl«,AATTCAGCGGCCGC(T),„VN) - 3 



SEQ ID NO. 8: CDSl: ^-«»7;^^^*^:S'^rK « cl'W or A or T or C) 

QFO in MO 9- CSOl: 5'-d(CTAATACGACTCACTATAGGGC)r (G66p)-3 ' 
SEQ ID NO. 9. CSOl. ^^^^^ 3' -phosphate group) 

SBO ID NO 10: ACTl: 5' -ACTCGTCATACTCCTGCTTGCTGATCCACATCTGC - 3 

III S II' 11- TFRl 5' - GTCAATGTCCCAAACGTCACCAGAGA - 3' 

110 m SS" 12 CSPl 5'- d(CTAATACGACTCACTATAG06C)- 3' 

111 S SS' SSa 5'-d(CTAATACGACTCACTATAGGGC)r(GGG)-3' 
III S " Adi: 5' - d(AATTCGCGGCCOOGTOGAC) - 3' 

««Q TO HO IS: 3' - d(OCGCCCGCGCAGCTOp) - 5 

SEQ ID NO. 15: ivtiBze p - 3 '-phosphate group) 

SEQ ID NO. 16: CDS2l 5'- d(TCTAGAATTCTCGAGOCGGCCGC(T)3oVN) - 3 
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SEQ ID KO. 17: 

SEQ ID NO. 18: CS03: 



3'- d(AGATCTTAAGACCTCCOCCG<;CG) - 3' 

(where V«G or A or C; N=G or A r T or C) 
5 ' -d ( TGCTGCGAGAAGACGACAGAATTCGG ) r ( GGG ) - 3 ' 



Additional CAPswitch oligonucleotides: 



ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 



SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 



KO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 
NO. 



ID 
ID 

ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 
SEQ ID NO. 
SEQ ID NO. 
SEQ ID NO. 
SEQ ID NO. 
SEQ ID NO. 
ID 
ID 
ID 
ID 
ID 



SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 



NO. 
NO. 
NO. 
NO. 
NO. 



ID NO. 
ID NO. 
ID NO 



19: 
20: 
21: 
22: 
23: 
24: 
25: 
26: 
27: 
28: 
29: 
30: 
31: 
32: 
33: 
34: 
35: 
36: 
37: 
38: 
39: 
40: 
41: 
42: 
43: 
44: 
45: 
46: 
47: 
48: 
49: 
50: 
51: 
52: 



Na21-G 5'- d(TGTAGCGTGAAGACGACAGAA)r(G) - 3' 
Na21-G3 5'- d(TGTAGCX5TGAAGACGACAGAA)r(GGG) - 3' 
Na21-N4G3 5'- d(TGTAGCGTGAAGACGACAGAA)r<N4G3) - 3' 



Na21-GCGGCN4Ga 
Na21*GTAAG3 
Na21-GATTG3 
Na21*TGTTG3 
Na21*CTAAG3 
Na21-GGTAG3 
Na21-62p 
Na21*63p 
Na21-G5p 
Na21N-G3 
Na21N-G3p 
Na21ND-G3p 
Na21B-G3p 
Na22-G3 
Na22-G3p 
Na22H-G3 
T7-G 
T7-G2 
T7-G3 
T7-G5 
T7-Gp 
T7-G2p 
T7-03p 
rr7-G5p 
T7-6CG 
T7-GCG2 
T7-CG 
T7-DG 
T7-N9G3 
T7-GCG3 
T7-SUP1 



3' 
3' 
3' 
3' 



3' 



3' 



5'- d(TGTAGCGTGAAGACGACAGAA)r(GCGGCN4G3) - 
5'- d(TGTAGCGTGAAGACGACAGAA)r(GTAAG3) - 3' 
5'- d{TGTAGCGTGAAGACGACAGAA)r(GATTG3) - 
5'- d(TGTAGCGTGAAGAC0ACAGAA)r(XGTTG3) - 
5'- d(TGTAGCGTGAAGACGACAGAA}r(CTAAG3) 
5'- d(TGTAGCGTGAAGACGACAGAA)r{GGTAG3) - 
5'- d(TGTAGOGTGAAGACGACAGAA)r(GGp) -* 3' 
5'- d(TGTAGCGTGAAGACGACAGAA)r(GGGp) - 3' 
5'- d(TGTAGCGTGAAGACGACAGAA)r(GGGGGp) - 
5'- d(TGATGCGAGTAGACGACAGAA)r(GGG) - 3' 
5'- d(TGATGCGAGTAGACGACAGAA)r(GGGp) - 3' 
5'- d{TGATCCGAGTA6ACGACAGA)r{GGGp) - 3' 
5'* d(TACGATGCGAGTAGACGACAGAA)r(GGGp) - 
5'- d(TGCTGCGAGAAGACGACAGAA)r(GGG) - 3' 
5'- d(TGCTGOGAGAAGACGACAGAA)r(GGGp) - 3' 
5'- d(TTGCTGGCAGAAGACGACAGA)r(GGG) - 3' 
5'- d(CTAATACGACTCACTATAGGGC)r(G) - 3' 
5'- d(CTAATACGACTCACTATAGGGC)r(GG) - 3' 
5'- d(CTAATACGACTCACTATAGGGC)r{GGG) - 3' 
5'- d(CrAATACGACTCACTATAGGGC)r{GGGGG) - 3' 
5'- d(CTAATAOGACTCACTATAGGGC)r{Gp) - 3' 
5'- d(CTAATAOGACTCACTATAGGGC)r{GGp) - 3' 
5'- d<CTAATAC3GACTCACTATAGGGC)r(GGGp) - 3' 
5'- d(CTAATAC3GACTCACTATAGGGC)r(GGGGGp) - 3' 
5'- d(CTAATAOGACTCACTArAGGGC)r(GCG) - 3' 
5'- d(CTAATACGACTCACXATAGGGC)r{GCCG) - 3' 
5'- d(CTAATAOGACTCACTATAGGGC)r(CG) - 3' 
5'- d(CrAATAOGACTCACTATA)r(GGGCG) - 3' 
5'- d(CTAATACGACTCACTATAGGGC)r{N9GGG) - 3' 
5'- d(CTAATAO0ACTCACTATAGGCC)r(GCGGG) - 3' 



„^ 5'-d(CTAATACGACTCACTATAGGGCOCGGCCGCCCGGG)r(GCG3) -3' 

SEQ ID NO * 5 3 : T7 -StJP2 5 ' -d ( CTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGG ) r { GCG3 ) -3 ' 



SEQ 
SEQ 
SEQ 



SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 
SEQ 



ID NO. 
ID NO. 
ID NO. 



54: 
55: 
56: 



T7-G3-NH2 
T7-G3-BIO 
T7-G3-aLy 



ID NO. 
ID NO. 



SEQ ID 



ID NO. 57: T7-6AG3p 
ID NO. 58: T7-GTG3p 
59 1 
60: 
61: 
62: 
63: 
64 1 
65: 
66: 



ID 
ID 
ID 
ID 
ID 



NO. 
NO. 
NO. 
NO. 
NO. 
NO. 



T7-6GAG2p 
T7-GGrrC2p 
T7-GACG2P 
T7-GATG2p 
T7-GTTG2P 
T7-OAOTOp 
T7K-GGAG3p 
T7-GAG3P 



5'- d(CTAATACX;ACTCACTATAGGGC)r(GGG-NH2) - 3' 
5'- d(CTAATAOGACTCACTATAGGGC)r(GGG-BIO) - 3' 
5'- d(CTAATACGACTCACTATAGGGC)r(GGG-GLy) - 3' 
(where NB2, BIO and QV£ are reepectively amino, 
biotin and glycerol group at the 3 'position 
of riboee residue) 
5'- d{CTAATACGACTCACTATAGGGC)r(GAGGGp) - 3' 
5'- d(CTAATAOGACTCACTAXAGGGC)r(GTGGGp) - 3' 
5'- d(CTAATAC6ACTCACTATAGGGC)r(GGAGGp) - 3' 
5'- d(CTAATACGACTCACTATAGGGC)r(GGTGGp) - 3' 
5'- d(CTAATA06ACTCACTATAGGGC)r(GACGGp) - 3' 
5'- d{CTAATAOGACTCACTATAGGCC)r{GATGGp) - 3' 
5'- d(CTAATACGACTCACTATAGGGC)r(GTTGGp) - 3' 
5'- d(CTAATACGACTCACTATAOGGC)r(GAGTGp) - 3' 
5'- d(TCCTAATACGACTCACTATA)r(GGAOGGp) - 3' 
5'- d{CTAATACGACTCACTATAGGGC)r(GAGGGp) - 3' 



SEQ ID NO. 67: 

SEQ ID NO. 68: 

SEQ ID NO. 69: 
SEQ ID NO. 70: 
SEQ ID NO. 71: 
SEQ ID NO. 72: 
SEQ ID NO. 73: 



CDS3 5'-d(AAGCAGT6GTAACAACGCAGAGTAC(T)3o) - 3' 

NalamG3 5 ' -d ( AAGCAGTGGTAACAACGCAGAGTACGC) r ( GGG } 

Nalsm 5'- d(AAGCAGTGGTAACAACGCAGAGT) - 3' 
Na21-Bio 5'- d(Bio-TGTAGCGTGAAGACGACAGAA) - 3' 
T7N 5'- d(CTAATACGACTCACTATAGGGC) - 3' 
EXT7 5'- d(TGCCATCCTAATACGACTCACTA) - 3' 
T7MFok 5'- d(CTAATACGACTCACGGATGGCC) - 3' 



- 3' 
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are 



SEQ ID NO. 74: Na21N 5'- d(TGATGCGAGTAGA0GA(a6AA) - 3 
SEQ ID N0.75: Na22 5'- d(TGCTGCGA0AA6ACGACAGAA)- 3' 
SEQ ID NO. 76: Na22M 5'- d(TTGCTGGCAGAA6ACGACAGA) - 3' 
SEQ ID NO. 77: Na21B 5'- d{TACGATGCGAGTAGACGACAGAA) - 3 
SEQ ID NO. 78: Frl 5'- d(TGACCA0TGAGCAGAGT6ACGA) - 3' 
SEQ ID HO. 79: T3 S'- d(CCATCCAATTAACCCTC»CTAAAGGGC) - 3 
SEQ ID NO. 80: NalM 5'- d(AACCAGAGGCAACAACGCAGA) - 3' 
SEQ ID N0.81: T7M2 5'- d<ACAA0ACGAAOCACAAGA0GCC) - 3' 
SEQ ID NO. 82: NalM 5'- d(AAGCAGAGGCaACAACGCAGA) - 3' 
SEQ ID NO. 83: T7T 5'- d(TTCCGCTTGTCT6CTGGGC) - 3' 
SEQ ID NO. 84: RT7AS4 5'- d(CGTCCGGCCOCTTCGAG-NHj) - 3' 
SEQ ID N0.85I 3BPAS 5'- d(GA0CGGCCGCACGAG-NH2) - 3* 
SEO ID NO. 86: RT7-C3 5'- r ( CTAATACGACTC»CTATAGOGCGGG ) - 3' 
IS ID NO 87 RT7Pok-G3 5 ' - r ( CTAATACGACTCACTATA0G6CGGATGGG ) - 3 ' 
So S m'.lli RT7ln3 S'- r(CTAATACGACTCACTATAGGGC)d<III) - 3' 
IbO ID NO 89 RT70n3 5'- r(CTAATA06ACTCACTATAGGGC)d (TOU)- 3' <«»^«f ^' " 
iSflSe aid deoxyribofuranoByl-5-nitroindola phoaphate, respectively ; 
sSS ID nS?907 nSsup2M 5 ' - (AAOCAGAGOCAACAAOGCAGAOAGGOCAOCAOGCAGC ) r (OGG) -3 ' 

SEQ ID NO. 91: RT7NS2M 

?SheS F 18 a f luoro gw^^ at the 3- poBttion of the riboee reaidue ; 
sS5 S SotLt SSSSsHf ^^HAAGCA6AG^6CTAACAA0GCA6AGTACGC)r(GGG.F)-3' 
SEO ID N0.94: T7-63F S'-(ATACGACTCACTATA006C)r(GCG-F)-3' 
So ID NoJsl T7IgCG3F 5'-(ATAC0ACTCACTATAGCGC)r(6CGGG-F)-3 • 
SEQ ID NO. 96: T3-G3 5'-(ATTAACCCTCaCTAAAGGGC)r(GGO)-3 
SEQ ID NO. 97: T3-NSM 

^ ID HO 99- n1i-GC03 5'-d(AAGC»GTC0TAACAACGCA6AGT)r(GCGCG) 
^SwlOO. NalSuS 5'-d(AACCAGTWTAACAACGCAGAGTGGGCAOCAGGCA)r^^^^ 
Sq S NO 101: NaSSsS 5'-d(AA0CA0T0GTATCAACGCA6ACTACCC)r GG6) - 3' 

rn 2« N-ISMM 5 ( AAOCAGTOOTAACAA06CAGAGTACGC)r (GGO)-3 ' 

^ ™»o 103. Saif^lM 5'^(AA^TCGTAACAACGCAOAGTGOGCAOCAGCCAGC)r(GGG) -3' 
SgSSo.ioi; rSnsS 5'.S!l?SSACTCACTATACCGCTCOACCGOCCGCACGGCG)r(GGG) - 3' 
SEQ ID N0«105s Kr7NS2 

5'-d(ATACGACTCACTATAGGGCTCGAGCGGC0GCCX»^^ - 3 

SEQ ID HOelOe: RT7Sup4 

S'-d(ATACGACTCACTATAGGGCTC«GTC«3GCAGGCACX;0CG)r{GGG) - 3 
SEQ ID NO. 107: 3BP-NSMT 

5'-d(TTCCGCTTGTCTCCTGOGCTCGTGCGOCCGCTCGGOG)r(GOG) - 3 
SEQ ID NO. 108 1 RT7-.NS3M 

»Q S SS 110 T?-T3oS 5'-d CCaTCCTAATACGACTCACarATA6GGC{T)3oVN) -3' 
lit ID Noilli; Bio-T7-T30HN 5'-d(Blo-AATACGACTCACTATAGGGC(T)3oVN) -3' 
SEQ ID HO. 112: 5'-d(TOCTGCGGAA6ACGACAGAA)r(GGG)-3' 

SEQ ID HO. 113: 5'-d(TGCTGCGGAAflAC0ACA6AA)-3' « * r or c- and where 

SEQ ID HO. 114: 5'-d(AATTCGAGCGCCCGC(T)3oVM)-3 ' (where V.A,G, or C, and where 

N-A,6,C, or T). 
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Claims 

We claim: 

1 1. A method for preparing DNA that is complementaiy to the S'-end of an RNA 

2 molecule, said method comprising annealing a cDNA synthesis primer to said RNA molecule and 

3 synthesizing a first DNA strand that is complementary to at least a portion of said RNA molecule, 

4 and contacting said RNA molecule with a template switching oligonucleotide having a pre-selected 

5 arbitrary nucleotide sequence at its S'-end and at least one riboguanine residue at its 3'-end» 

6 wherein said template switching oligonucleotide attaches to the 5'-end of said RNA and serves 

7 as a template for extension of the 3*-end of said first DNA strand. 

1 2. The method, according to claim !» further comprising amplifying said first DNA 

2 strand using a second oligonucleotide primer that comprises a nucleotide sequence that is 

3 complementary to at least a portion of said pre-selected nucleotide sequence of said template 

4 switching oligonucleotide. 

1 3. The method, according to daim 1, wherein said RNA molecule has a 7- 

2 methylguanosine CAP stniaure attached at the 5'-end of said RNA 

1 4. The method, according to claim 1, wherein said template switching 

2 oligonucleotide has at least three riboguanine residues at its 3'-end« 

1 5. The method, according to daim 1, wherein the 3'-OH group of ribose of said 

2 rit>oguanine residue comprises a chemical group selected from the group consisting of amino, 

3 biotin, phosphate, glycerol, and fluoro group. 

1 6. The method, according to claim 1, wherein said template switching 

2 oligonudeotide comprises a protein that binds to the 5* CAP structure of said RNA. 

1 7. The method, according to claim 6, wherein said protein is seleaed from the group 

2 consisting of eukaxyotic initiation factor 4£ and anti-CAP structure antibody. 

1 8. The method, according to daim 1, wherein said template switching 

2 oligonucleotide is represented by the formula: 

3 5'-dNl-dN2-.„dNm-rNl-rN2.,jNn.3'. 

4 wherein dN represents a deosQTibonudeotide selected from the group consisting of dAMP, dCMP, 

5 dGMPand cTTMP; 
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6 m represents an integer 0 and above; 

7 rN represents a ribonucleotide selected from among AMP. CMP. OMP and UM^. and n 
g represents an integer 1 and above. 

1 9. The method, according to claim 1. wherein said template switching 

2 oUgonucleotide is selected from group consisting of SEQ ID. 

3 NO.1.23.4.5.6.7.9.13.18.19^0.21.22^3.24.25^6^7.28^930.31.3233W5;36373839.^^^^ 

4 44.45,46.47,48.49.50.51.52,53.54.55.56.57.58.59.60,61.62.63,64.65.66.68.84.85,86,87.88.89.90,91.92. 

5 93,94,95,96,97.98.99.100.101.102.103,104.105,106,107 and 108. 

1 10. niemethod.accordingtoclaiml,whereinsaidcDNAsynihesisprimercomprises 

2 a sequence complementary to at least one target mRNA. 

1 11. The method, according to claim 1, wherein said cDNA synthesis primer comprises a 

2 sequence complementary to the poly(A) portion of polyA+RNA. 

1 12. Tiic method, according to claim 1. wherein said cDNA synthesis primer is sele^ 

2 from group consisting of SEQ. ID. NO. 8,16^7,109,110. and 111. 

1 13. nie method, according to daim 1. wherein said full-length anchored cDNA contain 

2 at least one hapten group and further comprising the steps of incubating said haptenytated 

3 anchored cDNA with the binding Ugand of the hapten of said haptenylated anchored cDNA. said 

4 binding Ugand being conjugated to support; said incubation being under condition sufficient to 

5 permit said haptenylated anchored cDNA probe to become bound to said binding Ugand of said 

6 support; then recovering said haptenylated anchored cDNA bound to support from any unbound 

7 molecules and incubating said haptenylated anchored cDNA probe bound to support under 

8 conditions suffideni to release said haptenylated ahchored cDNA. 

1 14. n.e method, according to claim 1. further comprising the step of treating said 

2 fuU-length anchored cDNA. generated at step (b) under conditions in which a second cDNA 

3 strand is synthesized by DNA polymerase, using the said full-length anchored cDNA strand as a 

4 template, thereby generating fuU-length ds cDNA. 

1 IS. nie method, according to claim 1, further comprising the steps of incubating said 

2 fuU-length anchored cDNA, generated at step (b) with a combination of primers comprising a 

3 nucleotide sequence that is conesponded to at least portion of the said template-switching 

4 oUgonucleotide and of the said cDNA synthesis primer, respectively and an effective amount of 
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5 other reagents necessary to perform a PGR; the incubation being under conditi ns su£Bcient to 

6 perform PGR to thereby generate a fiiO-length ds cDNA 

1 16. The method, according to claim 15, wherein said primers are selected from the 

2 group consisting of SEQ. ID. NO. 10.11,12>17.69.70.71,72,73,74,75,76,77,78,79,80,81,82, and 83. 

1 17. The method, according to claim 15, further comprising the steps of labelling said 

2 full-length ds cDNA by reporter groups; contacting said labelled fuU-iength ds cDNA with the 

3 defined oligonucleotide/polynucleotides corresponding particular set of the genes immobilized on 

4 the solid support under conditions enough to permit the formation of patterns of hybridization 

5 on the sur&ces caused by hybridization between certain polynucleotide sequences in the said 

6 labelled fiiU-length ds cDNA with the certain immobilized defined oligonucleotide/polynucleotides; 

7 reveal said these patterns by detection of said reporter groups. 

1 18. A template switching oligonucleotide comprising a preselected nucleotide 

2 sequence at its 5'-end and at least one riboguanine residue at its 3'-end. 

1 19. The template switching oligonucleotide, according to claim 18, wherein said 

2 oligonucleotide comprises at least three riboguanine residues at its 3'-end. 

1 20. A template switching oligonucleotide, according to claim 18, represented by the 

2 formula: 

3 5'-dNl-dN2-«.dNm-rNl.rN2,.,rNn-3\ 

4 wherein dN represents a deoxyribonucleotide selected from the group consisting of dAMP, dCMP, 

5 dGMPanddTMP; 

6 m represents an integer 0 and above; 

7 rN represents a ribonucleotide selected from among AMP, CMP, GMP and UMP; and n 

8 represents an integer 1 and above. 

1 21. The template switching oligonucleotide, according to daim IS, wherein said 

2 template-switching oligonucleotide is selected from group consisting of SEQ ID. 

3 NO.lA3,44A7A13,1849,20;!l,22,23,24,25,26,27.28,29303U23.3435^ 

4 44,45,46,47.48,49,5051,52^3444546,57^8^9,60,61,62^3,64,65,66,68,84,^^ 

5 93,94,95,96,97,98,99,100,101,102,103.104.105,106,107 and 108, 
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1 22. TTietemplatcswitchingoUgonudeotide.accordingtodaiml8,wberem 

2 group of ribose of said riboguanine residue comprises a chemical group selected from the group 

3 consisting of amino, biotin, phosphate, glycerol, and fluoro group. 

1 23. The template switching oUgonudeotide, according to claim 18, wherein said 

2 template switching oligonucleotide comprises a protein that binds to the 5' CAP structure of said 

3 RNA 

1 24. The template switching oligonudeoUde. according to daim 18, wherein said 

2 protein is selected from the group consisting of eukaiyotic initiation factor 4E and anti-CAP 

3 structure antibody. 

J 25. A kit comprising in one or more compartments a template switching 

2 oligonudeotide according to claim 18. 
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